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The United States and Japan are characterized by extreme differences in factor endowments and in price ratios among factors. Furthermore, these differences have widened over time. In spite of these differences both countries have attained highand sustained output and productivity. Indeed, the two rates of growth in agricultural countries are frequently identified as alternative "agricultural development models". There is considerable discussion regarding the "lessons", "the relevance", or the "transferability"
of the Japanese and United States agricultural development experience-to presently developing countries.
The purpose of this paper is to explore the hypothesis that a common basis for rapid growth in agricultural output and productivity lies in a remarkable adaptation of agricultural technology to the sharply contrasting factor proportions in the two countries. It is hypothesized that an important aspectof this adaptation was the ability to generate a continuous sequence of induced innovations in agricultural technology biased towards d saving the limiting factors.
In Japan these innovations were primarily biological and chemical. In the United States they were primarily mechanical. * Minnesota Agricultural Experiment Station Scientific Journal Paper Series 6944. The research on which this paper is based was financed through a grant from the Rockefeller Foundation.
Only in the last several decades has there been what appears to be the initial stage of convergence in patterns of technological change in the two countries with the United States beginning to experience rapid advances in bio-chemical technology and Japan experiencing a rapid adoption of mechanical technology.
We will first review the trends in factor prices and in several significant factor-product and factor-factor ratios in the United States and Japan for the period 1880-1960. After presenting this background material we will specify a hypothesis precisely. We will then subject the hypothesis to a statistical test.
The data on which it has been necessary to draw in conducting this
Since much study is subject to substantial limitations (see appendix).
of the data is admittedly crude and comparability of the data for the two countries is less adequate than we would prefer, the analysis must of necessity deal with only the broadest trends in the comparative growth experience of the two countries.
Factor Endowments, Prices and Productivity
In this section we attempt to characterize the differences and similarities in agricultural growth patterns in the United States and Japan for . We first point to the extreme differences in factor endowments and factor prices in the two countries. We then compare changes in factor productivity ratios in the two countries. Finally we contrast the different pace of mechanical and bio-chemical innovations in the two countries.
Factor endowments dnd prices Japan and the United States are characterized by extreme differences in relative endowments of land and labor (Table 1 ). In 1880 total agricultural land area per male worker was 36 times as large in the United States as in Japan and arable land area per worker was 10 times as large in the United States as in Japan. The difference has widened over time. By 1960 total agricultural land area per male worker was 97 times and arable land area per male worker was 47 times as large in the United States as in Japan.
The relative prices of land and labor also differed sharply in the two countries. In 1880 in order to buy a hectare of arable land (compare column 10 and column 18 in Table 1 ) it would have been necessary for a Japanese hired farm worker to work 9 times as many days as a U.S. farm worker. In the United States the price of labor rose relative to the price of land, particularly between 1880 and 1920. In Japan the price of land rose sharply relative to the price of labor, particularly between 1880 and 1900. By 1960 a Japanese farm worker would have to work 30 times as many days as a U.S. farm worker in order to buy a hectare of arable land.
Productivity Growth
In spite of these substantial differences in land area per worker and in the relative prices of land and labor, both the United States and Japan 
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Contrasts in Innovations
In agriculture it appears consistent with the technical conditions of production to consider growth in land area per worker hectare (Y/A) as "somewhat independent! at least over (Griliches /-7; p. 2427) . Only when a new technology, in the form of the self-rake reaper was introduced was it possible for the farmer to change this proportion to one worker, one reaper, four horses and 140 acres. ti Although we do not deny the possibility of substitution within a limited range (e.g., through change from two shifts to three shifts of horses), such enormous changes in factor proportions as observed in Figure Our basic hypothesis is that such adjustments in factor proportions in response to changes in relative factor prices represent movements along the iso-product surface of a "meta-production function" or "potential U This is illustrated in Figure 5 . U in Figure5a production functi~n".
represents the land-labor isoquant of the meta-production function which is the envelope of less elastic isoquants such as u and u 1 corresponding to o diffelent types of machinery or technology. A certain technology represented by U. (e.g., reaper) is created when a price ratio, poy prevails a certain length of time. When the price ratio changes from PO to PI, another technology represented by UI (e.g.j combine)is induced in the long-run, which gives the minimum cost of production for po. This shows mechanical innovations could be land saving and biological innovations could be labor saving depending on the conditions of factor supply and factor price trends. Historically, however, it appears that the dominant factor for saving labor has been the progress of mechanization and the dominant factor for saving land has been the biological innovations.
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The Statistical Test
A hypothesis developed in the previous section can be summarized as follows: Agricultural growth in the United States and Japan during the period 1880-1960 can best be understood when viewed as a dynamic factor substitution process. Factors have been substituted for each other along a meta-production function in response to long-run trends in relative factor prices. Each point on the meta-production surface is characterized by a technology which can be described in terms of specific sources of power, types of machinery, crop varieties and animal breeds. Movements along this meta-production surface involve innovations. These innovations have been induced, to a significant extent, by the long-term trends in relative factor prices.
As a test of this hypothesis, we have tried to determine the extent to which the variations in factor proportions as measured by the land-laborp ower-labor, and fertilizer-land ratios, can be explained by changes in factor price ratios. This is not, in a rigorous sense, a test of the Q/ so-called "induced innovation hypothesis."
In a situation characterized by a fixed technology, however, it seems reasonable to presume that the elasticities of substitutionamong factors are small, and this permitsus to infer that innovations were induced~if the variations in these factor proportions are consistently explained by the changes in price ratios. The historically observed changes in those factor proportions in the United
States and Japan are so large that it is hardly conceivable that these changes represent substitution along a given production surface describing a constant technology.
In order to have an adequate specification of the regression form, we have to be able to infer the shape of the underlying meta-production function and the functional f~rm of the relationship between changes in the production function and in factor price ratios. Because of a lack of adequate apriori information? we have simply specified the regression in log-linear form with little claim for theoretical justification. N If we can assume that production function is linear homogeneous, the factor proportions can be expressed in terms of factor price ratios alone and are independent of product prices.
Considering the crudeness of data and the purpose of this analysis, The results of regression analyses are summarized in Tables 2 and 3 . Table 2a more than 80 percent of the variation in the land-labor ratio and in the power-labor ratio is explained by the changes in their price ratios.
The coefficients are all negative and are significantly different from zero at the standard level of significance except the land price coefficients in
Regressions (2) coefficients. This seems to indicate that in addition to the complementarily along a fixed production surface, mechanical innovations which raise the marginal rate of substitution of labor for power tend to also raise the marginal rate of substitution of labor for land. Estimates of elasticity of substitution close to one in Regressions (5) and (6) seem to suggest that the observed factor substitution was not restricted to a fixed production surface describing a constant technology. w
The results of the same regressions for Japan (Table 2b ) are much inferior in terms of statistical criteria. This is probably because the ranges of observed variation in the land-labor and in the power-labor ratios are too small in Japan to detect any significant relationship between the factor proportions and price ratios. It may also reflect the fact that the mechanical innovations developed in Japan were motivated by a desire to increase yield rather than as a substitute for labor.
The results of the regression analyses of the determinants of fertilizer input per hectare of arable land for the United States are presented in Table 3a . The results indicate that variations in the fertilizer-land price ratio alone explains almost 90 percent of the variation in fertilizers.
It is also shown that the wage-land price ratio is a significant variable, indicating the substitutionary relationship between fertilizer and labor.
Over a certain range, fertilizer input can be substituted for human care for plants (e.g., weeding). A more important factor in Japanese history would be the effects of substitution of commercial fertilizer for labor allocated to self-supplied fertilizers.
A comparison of Table 3b with Table 3a indicates a striking similarity in the structure of demand for fertilizer in the United States and Japan.
The results in these two tables seem to suggest that, despite enormous differences in climate and initial factor endowments, the agricultural production function, the inducement mechanism of innovations, and the response of farmers to economic opportunities have been essentially the same in the United States and Japan.
The possibility of structural changes in the meta-production function over time, as suggested by some of low Durbin-Watson statistics in Tables   2 and 3 , was tested by running regressions separately for 1880-1915 and 1920-1960 . The results summarized in Table 4 do not suggest any significant structural change occurred between those two periods. The inference from this test is relatively weak, however, because of the small number of observations involved.
Overall, the results of the statistical analysis are consistent with the hypothesis stated at the beginning of this section. The results of this study indicate that the enormous changes in factor proportions which halveoccurred in the process of agricultural growth in the United States and Japan are explainable in terms of changes in factor price ratios. In spite of strong reservations regarding the data and the methodology, when we relate the results of the statistical analysis to historical knowledge of the progress in agricultural technology, we conclude that such changes in input mixes represent a process of dynamic factor substitution accompanying changes in the production surface induced by the changes in relative factor prices.
This conclusion, if warranted, represents a key to the understanding of the success of agricultural growth in the two countries. The basis for the contrasting patterns of factor price changes are the differences in factor supply conditions. In the United States land supply to agriculture has been more elastic than labor supply. In Japan land supply has been equally or less elastic than labor supply, With the increased demand for farm products in the course of economic development, the price of the less elastic factor tends to rise relative to the prices of the more elastic factors. Given the differences in supply elasticities, agricultural growth in both countries accompanied contrasting changes in land-labor price ratios. Prices of agricultural inputs such as fertilizer and machinery supplied by the nonfarm sector tended to decline relative to the prices of"land and labor. Such trends induced farmers, public research institutions and private agricultural supply firms to search for new production possibilities that would offset the effects of the relative price changes.
Mechanical innovations of a labor-saving type were, thus, induced in the I.e., wage for labor, rent for land, and rental for power and machinery.
We could not obtain this kind of data for land and machinery. Our analysis is based on the assumption that changes in the prices of land and machinery in stock terms are an adequate reflection of changes in the costs of their services. N Some of thecoefficients ofownprices turned positive, e.g., the coefficients of land price relative to wage in Regressions (1) and (2).
An exponential time trend was also included. The results were totally implausible due to multicolinearity (the simple correlation between time and the machinery price relative to wage was as hi.cjh as 0.95).
Bio-~hemical innovations represented by improvements in crop varieties
characterized by greater response to fertilizer tend to be land saving and labor using. Report No. 103, 1966 , for 1925 -1935 . For 1915 -1920 , the average horsepower is extrapolated from the 1925 value by the quinquennial growth rate of 7 percent (average rate for 1925 to 1940)6
Agricultural output (b): Gross output net of agricultural intermediate goods. The index of gross agricultural +roduction (Series 10 of Table 35 , LTES 9) multiplied by one minus the ratio of agricultural intermediate goods to agricultural production calculated from 1934-36 aggregates.
Crop output (b): Series 10 of Table 4 , LTES 9.
-.
Number of male workers (a) and nuder of workers (a): Gainful workers, Series 1 and 3 of Table 33 . LTES 9.
Paddy field area (a) and Arable land area (a): Series 13 and 14 of Table 32 , LTES 9.
Number of work animals (a): horses and draft cattle of all ages, Table 7 , LTES 3.
Tractor horsepower (a): Estimated from the number of garden tractors or cultivators! Table 9 , LTES 3, by assuming the average horsepower is 5. Farm wage index (c): Index of male daily contract workers' wages.
Series 24 of Table 25 of LTES 9.
Arable land price (a): Weighted average of the price of paddy field and upland fields. Series 9-10 of Table 34 , LTES 9.
